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Abstract : In a series of recent papers, it has been revealed that vitamin K, a cof actor of 7 
-carboxylase, might have obviously regulatory effects on bone matabolism. Whereas vitamin Ki 
affects in vitro mineralization, menaquinone-4 of vitamin K2, an vitamer with 4 isoprene units at 
the 3 position of quinone structure, has especially ambidextrous effects, such as inhibition on 
bone resorption and stimulation on in vitro mineralization. Consequently, menaquinone-4 has 
been developed as a novel medicine for osteoporosis. 

Here, a plausible mechanism of vitamin K effects on bone metabolism is presented, suggest- 
ing several discrete effects on various metabolic pathways. 
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Table 1 Vitamin K in Bone Metabolism. 

1960 Bouckaert et aL 

Vitamin K enhances the healing of frac- 
ture in rabbit 

1974 Stenflo et aL 

Vitamin K dependent modification of 
glutamic acid residue in prothrombin 

1975 Hauschka et al. 

Direct identification of the calcium-bind- 
ing amino acid, 7-carboxyglutamate in 
mineralized tissue 

1976 Price et al. 

Identification of 7 -carboxyglutamic acid 
containing protein, osteocalcin, in bone 
1985 Hart et aL 

Serum level of vitamin K in patients with 
hip fracture was lower than that in healthy 
control 

1991 Plantalech et al. 

Increase of non-carboxylated osteocalcin 
in elderly women 

1992 Koshihara et al. 

Vitamin K 2 enhances in vitro mineraliza- 
tion in human osteoblasts 

1992 Orimo et al. 

Significant therapeutic effect of vitamin K 2 
on involutional osteoporosis 

1993 Hara et aL 

Vitamin K 2 inhibits bone resorption 
1995 Hara et aL 

Geranylgeraniol, vitamin K 2 side chain is 
an active group on bone resorption 
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Fig. 1 The Vitamin K Structures. 
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Fig. 2 (a) Effect of Menatetrenone (MK-4) and 
Vitamin Ki on TRACP -positive MNC 
(multinucleated cells) Formation Induced 
by 10~ 8 M of l,25(OH) 2 D 3 in Bone Marrow 
Cell Culture, (b) Effect of Multi-isoprenyl 
Alcohols with 2 to 7 Isoprene Units and 
Menatetrenon at 1(T S M on TRACP Activi- 
ty Induced by 1(T 8 M of 1,25(0H) 2 D 3 in the 
Co-culture of Spleen Cells and Stroma 
Cells. 

« <0.05, »» <0.001 compared with the con- 
trol group treated with 1,25(0H) 2 D 3 18) . 
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Treatment 

Fig. 3 Effects of Various Vitamin K on Mineral- 
ization by Human Osteoblasts. 
Cells were treated with C, control ; K ]p 
K 2 , K 3 , vitamin Ki , K 2 , K 3 at 2.5 x 10" 6 M, 
respectively ; D, l,25(OH) 2 D 3 at 10~ 9 M for 
20 d. Alkaline phosphatase (ALP) and 
mineralization monitered by Ca and P 
amounts were determined. ** <0.01 com- 
pared with control. 
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Fig. 4 The Pathway of Osteocalcin Biosynthesis and Secreation by Osteoblasts. 

Modification of reference 49 ^. X 17) X 2 i and X 24 show gla residues. M lt 
M 2) M 3 show calcium binding domains. 
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Fig. 5 MK-4 Promoted l,25(OH) 2 D 3 induced Os- 
teocalcin Accumulation on Cell Layer (a) 
and Mineralization by Osteoblasts. 
10" 9 M l,25(OH) 2 D 3 (D) and/or 2.5 xlO" 6 
M MK-4 (K) was added to the culture for 
20 d. Warfarin at 2.5 xlCT 5 M (H) inhib- 
ited osteocalcin accumulation and miner- 
alization. * <0.05, ** <0.01, *** <0.001 
compared with each wafarin untreated 
group. 



Ti^^SOt?, *^f-**^5/>*5J:C;*0 Gla ft 

matrix Gla protein (MGP) 34) fetoprotein S (t: 
* * > Kttffttjftl«[«HJqi«IJH^) 35 >*<*So t^fft 

-etl Gla 10 fflfc ck U 5 ffiW L^T-* 10,000 is 



i 0« 80,000 ®^ >/N°^Tfc So protein S (i, b' ^ ^ 

protein S li. M&'&mfo £>ftft C t 14 tt < X 

protein S 0 * iJBfrtlfto C Offlfljftffl 
Gla ftftftt"Ctt < K£K fc»»*&KLT^« t.Bt> 

0Tlittl>fr£&frftfto afiWi: protein S fr^ffl I, 
Tl^S^fltJCS*^ osteopenia 6 tl 

aliens**, ffia»6frTii<c^o 

MGP (4, l,25(OH) 2 D 3 fc 

iot mRNA fr§g^£ftjg£friEjI£ftftfr, 

■T7l-#;U l,25(OH) 2 D 3 ffllt 48 h |:fi|© 

mRNA (D5SatS^*«inS35<. MGPte, ^10 
^C/^T mRNA ©JSSW^&jft 7 a Bfr«:*£> 
g£*-C&So $ 7^**^ 1,25 
(OH) 2 D 3 SaSJttt MGP (D^n J: *J 1/100 
T£>ft 34) o MK-4 i< MGP ^ 9 ^f^S^S 

4-2 #eS«ffl3»JftfflfC^LT 

MK-4 Ki4#*lR»«ftfflli, •7;b7 7 , J>i: 
iotiaiStltil^t, GlafbliH-^Ltt^o "Cliif 
©J: 9 T«I1M*<*5C *><Diih o fro tt#aBBaii^: 
fi^ttlSO^Stfr^ pit E-C* S U mVr&tt S tl 
Tl><il>fr, ^7-y>^jSl^^^fyy>K© 
mRNA MK-4 frM^S-friCDT. itfetffS 

(C^»UTC>SC<tl456fr-e*^o MK-4 
iifflB&O^KAftOfr. £ fc^ttlfS^oJj'&tlTl^S 
MK-4 £££ * >/ ^ *<tt#ttB&^ t> #> ft <D frli^WT 



5 #«M^«]$iJ{^ffl 

£ 10 mg/kg/bodyweight/d * 2 iS^S-^T 4 t^fc 

metaphysis T£ £ Kg^lCgftSo 6 Rfl&iJ-f -5 
<h 3 mg/kg © MK-4 [£#?£g:fc J: £>" diaphysis ©# 

*> ^ 14) , *SI#«F© Gla R£**qrXcWKl 



52 



B*mt¥£n mis® m 5-s§-(i996> 



441 



(ifli«©*^v"> A?glR©^T^ MK-4 ^SC#L/CC 

tic cfc-5 c <t ti<+-i§m(Di!£m%.mi:Tji<T'mm $ n 

D 3 <*ria(5-^g^CDfFffl^^UTfcl9, USS 1 ;^©*? 
;U->^ A PJfclKtg©li£;iI b"^ ; > K ©§?*:*£ fFJfl 

mm Lfco Ltr> u mk-4 mi&T-mzzcD-eteu < 1® 

6-2 7*h-y7 

iMflJ]&0#<fc£R*-rs 41) o ^©zg£{i io- 7 ~io- 6 
ffiiJIB 3ffl© -7 r ^* V - Mt T#b- > xm^Wi^: <* 




Fig. 6 Putative Active Site on Bone Remodeling. 

Geranylgeranyol side chain affects on osteoclast formation and activa- 
tion. Whereas quinon skeleton with one double bond side chain at 3 posi- 
tion affected on in vitro mineralization by osteoblasts. 
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